Garlic is an important cash crop of smallholder farmers in Ethiopia. Bulb quality is an important attribute that adds to the use and marketability of the crop. However, garlic bulb quality is constrained by several factors in the country among which imbalanced and low availability of nutrients in the soil is prominent. Therefore, a study was conducted on two soil types (Andosol and Vertisol) with the objective of elucidating the effect of nitrogen, phosphorus, and sulphur application on the quality of the crop. The treatments consisted of three levels each of nitrogen (N) (0, 92, 138 kg ha ), which were laid out as a randomized complete block design in a factorial arrangement with three replications on each soil type. The results revealed that the main as well as the interaction effects of N, P, and S fertilizers and soil types significantly (P ≤ 0.05) influenced bulb quality, namely dry matter percentage, total soluble solids, pungency, bulb protein content, and bulb weight loss in storage, and concentrations of major nutrients in the bulb tissues. The bulb quality indices studied on both soils were positively and significantly correlated with each other except negatively correlated with bulb weight loss which indicated that the favourable effects of a balanced nutrients application on producing quality bulb that have better shelf-life. Hence, combined applications of 92 kg N + 40 kg P + 30 kg S ha -1 and 138 kg N + 40 kg P + 60 kg S ha -1 led to the attainment of optimum bulb quality attributes on Andosol and Vertisol, respectively. However, the former fertilizer rates combinations is economical to be used by farmers.
INTRODUCTION
The composition of a garlic bulb varies greatly depending on cultivars, agronomic practices, climate, soil fertility and postharvest storage conditions that determine the quality and intensity of garlic flavor as well as its nutritional and nutraceutical value. Nutrient management with these factors plays a significant role in improving productivity and quality of crops (Zhou et al., 2005) . A bulb crop, especially garlic (Allium sativum L.), is a nutrient exhaustive crop and remove a good amount of nitrogen, phosphorus, and sulphur from the soil (Nai-hua et al., 1998) . Nutrient uptake by the garlic crop is important for improving growth, in determining yield and marketable proportions as well as quality of the crop as these parameters are an important aspect for produce marketability.
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that influence growth and yield of crops. Both macro and micro-nutrients have various characters in different soils and their removal by different crops vary at different seasons and areas. Kakara et al. (2002) reported that nitrogen accounts for a higher percentage of variation in plant height, leaf area, leaf count, and fresh and dry plant mass when its application increased from 50 to 200 kg ha -1 . Based on traditional practice, garlic growers in central high lands of Ethiopia tend to rely on fertilizer sources that contain only N and P, resulting in steady decline in other nutrients in the soil. Smaller potassium and sulphur uptake relative to N uptake can predispose the crop to serious disease and insect damage (ENAIA, 2003) .
Balanced fertilizer application is essential for the vegetative growth and, thus, for producing crops with top quality and high yields especially on soils that are cultivated continuously. Improved management of nitrogen, phosphorus, potassium and other inputs in the soil could improve yields and quality of vegetables and other crops (Nai-hua et al., 1998) . According to these authors, P and Potassium (K) fertilizer management practices should balance the supply of N, P and K as well, that other nutrients based on soil test results. Keeping these in view, the present investigation was carried out to assess the effect of nitrogen, phosphorus and sulphur rates on the quality of garlic bulb grown on Andosol and Vertisol soils.
MATERIALS AND METHODS
The study was undertaken in the research field of Debre Zeit Agricultural Research Centre, Ethiopia on two dominant soil types, namely, Andosol and Vertisol. The site is located at 08°44''N latitude, 38°58''E longitude, and at the altitude of 1860 m above sea level. The study area is characterized as sub-humid tropical climate (DZARC, 2011) . Using garlic cultivar Tseday, the study was conducted during the 2011 main rainy season from July to November. Laboratory analysis of the Vertisol (black soil) experimental site revealed that the plough-layer soil texture is clayloam. The test also indicated that the soil has organic matter content of 1.40%, total nitrogen content of 0.036%, available phosphorus content of 14.48 ppm, available soluble SO4-S content of 192 ppm, exchangeable potassium content of 1.47 Cmol(+) kg -1 and a pH value of 6.91. The soil analysis showed that the Andosol (light volcanic ash) has a sandy-loam texture with organic matter content of 2.23%, total nitrogen content of 0.063%, available phosphorus content of 41.51 ppm, soluble SO4-S content of 134 ppm, exchangeable potassium content of 2.55 Cmol(+) kg -1 and a pH value of 7.17.
According to Landon (1991) and Bashour (2011) , organic matter and total nitrogen contents of both soil types are very low; available phosphorus content of the Vertisol is low whereas that of Andosol is high; soluble sulphate and exchangeable potassium contents of both soils are very high.
The treatments consisted of three levels of nitrogen (0, 92 and 138 kg N ha -1 ), three levels of phosphorus (0, 40 and 80 kg P ha -1 ) and three levels of sulphur (0, 30 and 60 kg S ha -1 ). The experiment was laid out in a randomized complete block design in a factorial arrangement with three replications on each soil type. The cloves of garlic 'Tseday' cultivar were planted on 1 July 2011 on a ridge at the spacing of 30 cm between rows and 10 cm between plants. Fertilization of all rates of the phosphorus and sulphur were made at planting in the form of triple super phosphate (46% P2O5) and potassium sulphate (43% K and 18% S). The potassium applied disproportionately to each plot according to the rate of the potassium sulphate required was balanced by applying equivalent amounts of potassium from potassium chloride (40% K) fertilizer. Nitrogen in the form of urea (46% N) was applied ¼ at planting, while the remaining ½ and ¼ were side-dressed three and six weeks, respectively, after plant emergence. Supplemental irrigation of water was applied twice a week after the rain ceased in September to October and other recommended horticultural practices were undertaken uniformly to the plots of both sites as per the recommendation of the area (Getachew and Asfaw, 2000) . Garlic bulbs were harvested on 25 November 2011 and the bulbs were cured for ten days in ambient environmental condition under shade. Bulb quality parameters were determined following the procedure of Bussard and Randle (1993) for pungency, and Waskar et al. (1999) for total soluble solids (TSS). Bulb dry matter content was determined after harvest by weighing the bulbs fresh and oven dried weight and multiplying it by 100. Five bulbs were chopped into small 1 to 2 cm cubes, mixed thoroughly, and the exact weight of each sample was determined and record as fresh weight. Each sample was placed in a paper bag and put in an oven for 48 h at 65°C. Each sample was immediately weighed and recorded as dry weight. Percent dry matter content for each sample was calculated using the following formula: dry matter = (dry weight / fresh weight) x 100. The weight loss percentage of bulbs was calculated after three months of storage which is a factor of the differences between the initial and final weight divided by its initial weight multiplied by 100. Protein contents of garlic bulbs were determined in terms of the garlic bulbs nitrogen content (Nitrogen x 6.25) (AOAC, 1994) .
Concentrations of nutrients, namely, nitrogen, phosphorus, potassium, and sulphur were analysed from matured bulbs. Five clean sample bulbs from each plot were collected randomly. The cloves were ground, and over dried at 65°C for 48 h. The finely ground and dried tissues were wet digested as described by Wolf (1982) . Total N was determined using the modified micro Kjeldhal method (Cottenie et al., 1982) and P by colorimetric method using spectrophotometer (Olsen et al., 1954) . Potassium content was measured using a flame photometer method as described by Chapman and Pratt (1982) . The sulphur content was determined Turbidimetrically using a spectrophotometer method (Singh et al., 1999) . The data obtained were subjected to analysis of variance using SAS statistical software version 9.0 and treatment effects were compared using the Fisher's Least Significant Differences test at 5% level of significance. Moreover, simple correlation analysis was executed to reveal the magnitudes and directions of relationships between selected quality parameters and chemical contents of the crop.
RESULTS

Mean square estimates
The main effect of nitrogen significantly (P ≤ 0.01) influenced all quality parameters of the garlic crop, that is, bulb dry matter, total soluble solids (TSS), pungency, protein content, and percent weight loss of garlic bulb. The main effect of phosphorus significantly (P ≤ 0.01) influenced all these quality parameters except protein content and bulb weight loss. Also, the main effect of sulphur influenced them except bulb protein content. However, the main effect of soil type significantly Where, d.f. = degrees of freedom; *, and ** shows significant difference at P = 0.05 and P = 0.01 P respectively; ns= nonsignificant; N = Nitrogen; P = Phosphorus; S = Sulphur; CV = Coefficient of variation; TSS = Total soluble solids.
influenced only garlic bulb TSS, protein contents, and bulb weight loss (Table 1 ). In addition, the one-way interaction effect of N and P significantly affected the garlic bulb TSS, protein and weight loss, and the interaction of N and S significantly affected all these parameters except dry matter. Also, the one-way interaction effect of N and soil significantly influenced dry matter and pungency of bulbs but P and S interaction significantly influenced all the studied parameters except bulb dry matter. However, the one-way interaction of phosphorus and soil significantly influenced only bulb dry matter and pungency of garlic, and that of S and soil only influenced the pungency and bulb weight loss of garlic bulb (Table 1) . Similarly, the two-way interaction effect of N x P x S significantly influenced TSS, pungency, protein and weight loss of garlic bulbs, and that of N x P x Soil affected pungency and protein content of garlic bulb. The two-way interaction of N x S x Soil significantly affected both dry matter and pungency contents of bulbs. Also, the two-way interaction of P x S x Soil significantly influenced protein content and bulb weight loss. However, the three-way interaction effects of the studied factors influenced the pungency, protein content, and weight loss of the garlic bulb in storage (Table 1) .
Dry matter percentage
The application of nitrogen at the rate of 92 kg N ha -1 along with both 30 and 60 kg S ha -1 on Andosol led to the production of significantly higher bulb dry matter contents (45.02 and 42.89%) compared to the other treatments. However, the lowest dry matter content was obtained from Andosol in response to the lone application of sulphur at the rate of 60 kg S ha -1 as well as from the control treatments on both soils ( Table 2 ). The increase of bulb dry matter on Andosol due to the combined application of 92 kg N + 30 kg S ha -1 amounted to 55.72% compared to the lowest dry matter produced on the same soil. The bulb dry matter produced on Andosol in response to the combined application of these rates of N and S was higher by 22% than that of Vertisol.
Total soluble solids
Total soluble solids are one of the most important traits of garlic and these are influenced by various nutrients and soil characteristics. Total soluble solids significantly influenced by the main effects of nitrogen, phosphorus, and sulphur fertilizers, and soil type. Also, it was significantly affected by the one-way interaction effects of N x P, N x S, and P x S as well as by the two-way interaction of N, P and S (Table 1) . Hence, application of N, P and S fertilizers significantly (P ≤ 0.01) influenced the total soluble solids (TSS) of garlic bulb with the highest TSS at all combined applications of the fertilizers except lowest result (14.20 °Brix) was obtained from bulbs produced without any of fertilizer application (Table 3) . The highest TSS produced by the combined application of 138 kg N + 40 kg P + 30 kg S ha -1 which exceeded the lowest one by about 65% (Table 3) . A slight increase in bulb TSS content was observed on Vertisol soil as compared to those produced on Andosol (Figure 1 ).
Pungency
Pyruvate (μ.mol ml -1 ) content is important characteristics of bulbs crops. The pungency of onions has been closely associated with pyruvate concentration (Schwimmer and Weston, 1961) ; the higher the pyruvate concentration, the more pungent the onions. Significant differences in pyruvate content of garlic bulbs were recorded with varying levels of N, P and S application on both Andosol and Vertisol soils (Tables 1 and 4) . Only the main effect of soil, one-way interaction effect of N and P, and the two-way interaction effect of P, S and soil did not significantly influence the pyruvate content of garlic bulb. Thus, application of N, P and S fertilizers at the combined rates of 92 kg N + 40 kg P + 30 kg S ha -1 and 92 kg N + 40 kg P + 60 kg S ha -1 on Andosol (13.53 and 13.00 μ.mol ml -1 , respectively) produced the largest pungency containing bulb over the other treatments, and the lowest pungency containing bulb was noticed in control plot (2.27 μ.mol ml -1 ). The pyruvate contents obtained at this combined rates of the three fertilizers exceeded the lowest pyruvate content produced on the same soil by 496 and 472%, respectively. On the other hand, the highest pyruvate content on Vertisol was produced in response to the combined application of 92 kg N + 80 kg P + 60 kg S ha -1 and 138 kg N + 40 kg P + 60 kg S ha -1 (12.33 and 12.67 μ.mol ml -1 , respectively), and the lowest was noticed in control plot (2.13 μ.mol ml -1 ) on the same soil. However, no significant pungency content was observed in garlic bulb due to soil type (Figure 1 ).
Protein content
Protein content of garlic bulbs was significantly (P ≤ 0.01) influenced by the four factors interaction effect of N, P, S, and soil (Table 4) . Small protein contained bulbs were produced on the control plot of Andosol and plot treated with 0 kg N+ 80 kg P + 0 kg S ha -1 on Vertisol. The highest protein content in garlic bulbs were produced 138 kg N + 40 kg P + 0 kg S ha -1 on Andosol and 138 kg N + 80 kg P + 30 kg S ha -1 on Vertisol. The highest protein content of bulbs produced by these two combination rates were increased by 124 and 50% over those produced by the control plot on both soils respectively. Significantly, higher protein content was produced on Andosol (14%) than on Vertisol (Figure 1 ).
Percent weight loss
The percent weight loss (PWL) of garlic bulb in storage, grown on both Andosol and Vertisol soils, significantly (P ≤ 0.01) influenced by the interaction of the applied N, P and S fertilizers (Table 4 ). The PWL of stored garlic bulbs varied from 8.26 to 26.27% for garlic plants grown on Andosol and from 8.17 to 21.34% for those grown on Vertisol due to the applied fertilizers. Highest weight loss was recorded on bulbs fertilized with 0 kg N + 80 kg P + 30 kg S ha -1 on both soils and 0 kg N+ 80 kg P+ 60 kg S ha -1 combinations on Vertisol, while the lowest losses in weight were recorded on bulbs produced by the combined applications of 92 kg N + 40 kg P + 60 kg S ha -1 on both soils (Table 4) . Majority of the treatment interactions showed lower weight losses while the highest losses were recorded in the absence or expense of one element over the other fertilizers. The bulbs produced by the combined applications of 92 kg N + 40 kg P + 30 kg S ha -1 improved the shelf-life of garlic bulbs by reducing their weight losses by about 206 and 48% on Andosol and Vertisol, respectively as compared to the bulbs fertilized with 0 kg N + 80 kg P + 30 kg S ha -1 (Table 4 ).
The mean value of bulb weight loss was significantly increased by 18% due to Vertisol than that of Andosol (Figure 1 ).
Nutrient concentration of garlic bulb
The main effect of N and soil significantly (P ≤ 0.01) influenced the nitrogen, phosphorus, potassium and sulphur concentrations of bulb tissues of garlic. Also, the main effect of P fertilizer significantly influenced the bulb concentrations of P, K and S nutrients. However, the main effect of sulphur fertilizer significantly influenced the concentrations of P and S nutrients in garlic bulb tissues. Also, the one-way and two-way interactions of these factors significantly (P ≤ 0.05) affected the P, K and S nutrients concentration within the bulb tissues of garlic plant except the interaction effect of sulphur and soil on P and K contents of bulb tissue. But the nitrogen concentration within bulb tissue of garlic plant was significantly influenced by the one-way interaction effect of N x P, N x S, and P x S as well as by the two-way interaction effects of N x P x S, N x P x Soil, and P x S x Soil factors. Also, the threeway interaction effects of the studied factors influenced all the nutrients content of garlic bulb studied (Table 5 ). The beneficial effect of the interactions of N, P, S fertilizers and soil types had show significant (P ≤ 0.01) differences with respect to N content of garlic bulbs with the highest N content in garlic bulb (2.85 and 2.78%) obtained from plots treated with 138 kg N + 80 kg P + 0 kg S and 138 kg N + 0 kg P + 30 kg S ha -1 , respectively and lowest from control plot (1.27%) on Andosol ( **, indicate significant difference at 1% level of probability; CV = Coefficient of variation; LSD = Least significant differences.
At these two combination rates on average, the nitrogen content in bulb increased by about 124 and 119%, respectively over the lowest N content recorded from control plot on the same soil (Table 6) . At these combination rates, the N content recorded in garlic bulb on Andosol exceeded that obtained on Vertisol by about 36 and 38%, respectively (Table 6 ). The highest P contents in garlic bulbs (0.437 and 0.413%) were produced in response to the combined application of 138 kg N + 80 kg P + 30 kg S ha -1 and 138 kg N + 80 kg P +60 kg S kg ha -1 , respectively while the lowest P (0.150%) was in garlic bulbs fertilized with 0 kg N + 40 kg P + 0 kg S ha -1 d.f. = degrees of freedom; and *, and ** = shows significant difference at P = 0.05 and P = 0.01, respectively; ns = nonsignificant; N = Nitrogen; P = Phosphorus; S = Sulphur; CV = Coefficient of variation. Where, * and **, indicate significant difference at 5% and 1%, levels of probability, respectively. on Vertisol (Table 6 ). Potassium contents of garlic bulbs also significantly increased with the application of N, P and S fertilizers; resulting the higher K content in garlic bulbs (1.89 and 1.94%) in response to the combined applications of 92 kg N + 80 kg P + 0 kg S ha -1 and 138 kg N + 0 kg P + 30 kg S ha -1 on Vertisol, and the lowest K content was noticed in bulbs grown on control plot (0.48%) of Andosol soil (Table 6 ). The higher sulphur concentrations in bulb tissues were produced over Vertisol than Andosol with highest content (1.96 and 1.85%) in bulbs produced on Vertisol in response to the combined application of 138 kg N + 40 kg P + 30 kg S ha -1 and 138 kg N + 40 kg P + 60 kg S ha -1 , respectively and lowest from bulbs of control plot (0.11%) on Andosol (Table 6 ). The N content in bulb was significantly increased by 15% due to Andosol than Vertisol, but that of P, K and S nutrients contents were significantly increased by 7, 75 and 379% due to Vertisol as compared to Andosol soil type, respectively (Figure 2) .
Relationship between quality and nutrients concentration of garlic bulb
Correlation coefficient values (r) computed to display the relationships between and within main quality attributes of garlic bulb shown apparent relationship on both soil types ( Table 7 ). The result of correlation analysis on both Andosol and Vertisol indicated that bulb quality parameters had a positive and significant correlation with each other except negatively with bulb weight loss. These indicate that the application of fertilizers influenced the quality and chemical contents of bulb. Weight loss in storage was negatively correlated with many of the bulb quality attributes on both soils. This indicated that high nutrients uptake leads to low bulb quality and high garlic bulb weight loss which in turn decrease the shelf-life of bulb. Pungency has been positively and significantly correlated with the N, P, K and S contents of garlic bulb as also suggested by Freeman and Mossadeghi (1970) and Nasreen and Hossain (2004) 
Nutrients concentration (%)
Andosol Vertisol Where no asterics indicate non significant, and * and **, indicate significant difference at 5% and 1%, levels of probability, respectively. DM = Dry matter (%); TSS = Total soluble solids; Pung = Pungency; WL = Weight loss (%); NC = Nitrogen concentration; PC = Phosphorus concentration; KC = Potassium concentration; SC = Sulphur concentration; A = Andosol and V = Vertisol.
also been noted that enzymatically formed pyruvic acid correlate positively with garlic S content suggesting that S nutrients influence on the uptake of other nutrients to increase different flavor and non-flavor compounds of garlic. Sulphur concentration of garlic bulb was positively and significantly correlated with all bulb quality parameters except bulb weight loss on Vertisol (Table 7) . Higher uptake of sulphur leads to better growth, development and besides increase the synthesis of volatile sulphur compounds leading to increased production of pyruvate content (pungency) of the crop, which signifies the direct relationship between the availability of sulphur nutrient, garlic pungency and bulb quality. Similar result was also observed by Thippeswamy (1993) in onion.
DISCUSSION
These results showed that fertilization with nitrogen, phosphorus and sulphur fertilizers significantly influenced the quality and shelf-life of garlic bulbs. The application of the fertilizers on Andosol increased the dry matter of garlic bulb than those grown on the Vertisol which could be attributed to the relatively higher organic matter, N, P, and K contents of Andosol as compared to Vertisol. The increase in dry matter contents of garlic bulbs by sulphur addition along nitrogen might be partly attributed to increased synthesis of sulphur containing amino acids in plants which in-turn could have resulted in the formation of healthy xylem, collenchyma and schlernchyma tissues. Kumar and Singh (1992) reported that the chloroplast synthesis is accelerated by a greater uptake of S by plants resulting in an increased dry matter production. Similar observations were also reported by Thippeswamy (1993) in onion; and they also reported that application of sulphur helps in the availability of other nutrients besides sulphur resulting in better growth and increased uptake of all the nutrients at higher levels of it. Also, Sardia and Timra (2005) revealed highest dry mass of garlic shoots and roots with the highest applications of N-P-K-S nutrients treatment over the control. The dry matters of garlic obtained in this study were similar to the results of Cantwell et al. (2005) , who reported that the dry matter contents of garlic bulb varied from 31 to 56% and 32 to 45%, respectively.
The application of N, P and S fertilizers on both soils promoted the production of various sugars within the garlic bulb which in turn increased the total soluble solids. The higher TSS content of bulbs produced on both soils might be due to supplementation of sulphur fertilizer and characteristics of garlic in taking up higher quantities of available nutrients, especially sulphur nutrient (Fismes et al., 2000) . Also, availability of higher potassium fertilizer could have cause higher uptake of both K and S nutrients by garlic crop which could increase production of carbohydrates during photosynthesis and this in turn, increase TSS content of bulbs (Singh and Dhankar, 1989) . Such an increase in TSS with an increase of sulphur level, and sulphur deficient plants have significantly lower the total solids in onion bulbs was also reported by Kumar and Singh (1992) . This might be due to an increased synthesis of primary flavour compounds with sulphur containing amino acids whose production increase with increase in sulphur levels as reported by Randle and Bussard (1993) .
Garlic plant supplied with sulphur fertilizer and fully available N, P and S fertilizers on both soils resulted higher pungency concentrations in bulbs. Similarly, Gamiely et al. (1991) observed that nitrogen fertilizer form having sulphur has a significant influence on sulphur uptake and onion pungency. According to Coolong (2003) N and S nutrition at low levels were shown to interact, to influence the accumulation of different precursors, suggesting that the two nutrients regulate flavor precursor accumulation at different points within the flavor pathway. Also, Bloem et al. (2011) reported that high sulfur amount application in combination with low amount of nitrogen fertilization increased significantly the alliin concentration in garlic during main growth until the beginning of ripening, while high nitrogen levels had an adverse effect. The highest pyruvate content produced on Andosol exceeded that produced on Vertisol by about 72% at the combined application of 92 kg N + 40 kg P + 30 kg S ha -1 and by 30% at the same rates of N and P with 60 kg S ha -1 . Higher production of pyruvate content on Andosol than Vertisol may be attributed to higher nutrients content of Andosol before planting the crop and availability of N and S nutrients suggests that the increase on the production of gross flavor intensity of bulbs. An increased level of pyruvate with the nutrients content of the applied fertilizers could be explained partly by greater synthesis and accumulation of sulphur containing amino acids that are precursors of flavor compounds and pyruvate (Randle, 2000) . Also, Coolong (2007) signified that the importance of sulphur in increasing pyruvate content of onion with the application of Ammonium sulphate, but Babatunde et al. (2009) recorded a significantly reduced level of garlic bulb pungency with the application of NPK fertilizers relative to the control.
The protein contents of bulbs were increased at higher application rates of the fertilizers on both soils which indicate that the best chemical quality of garlic bulb produced with the applications of N, P and S nutrients over different soil types. However, on both soils the treatments that received nitrogen with other fertilizers produced significantly greater protein contents in bulbs of garlic. This indicated that the bulbs fertilized with higher amounts of fertilizer that have N along P and/or S produced more protein in bulbs compared to the bulbs fertilized with lower or absence of nutrients in each treatment; fertilization with a balanced nutrients in either of soils led to higher protein production. Protein content of bulbs produced by the combined application of the fertilizers on Andosol was slightly increased over that of Vertisol, except due to non fertilized plot and plot treated with 138 kg N + 80 kg P + 30 kg S ha -1 . This indicates that the soil's nutrient content with the externally supplemented fertilizers significantly influenced the nutrients uptake by the crop especially N and S which has a direct relation with plants' protein production. According to Fenwick and Hanley (1990) , the protein content of garlic was 3.5-6.2, 2.6 and 1.3% for bulbs, leaves and flower and scapes, respectively. However, Maly et al. (1998) reported that the higher nutritive value of garlic with 6 to 7% proteins content of bulbs.
Application of the three fertilizers together significantly reduced the bulbs weight loss increasing the shelf life of bulbs during storage. This indicates that availability of sulphur along N and P influenced the uptake and utilization of them by garlic to synthesis more protein and strong building amino acids that are used to decrease weight losses of garlic bulbs (Fan and Messick, 2007) . The bulbs produced by the combined applications of 92 kg N + 40 kg P + 30 kg S ha -1 was statically in parity with the same rates of N and P along 60 kg S ha -1 , and these combination rates improved the shelf-life of garlic bulbs by reducing their weight losses during storage. Quareshia and Lawandek (2006) reported that the storage losses of onion bulb were reduced by 10.40% due to the combined application of 100 kg N + 45 kg S ha -1 as compared to NPK only. However, according to the report of Bloem et al. (2011) , fertilizer rates had only a minor influence on water losses from bulbs at short-term storage and after 83 days of storage, water losses of garlic bulb were lower at higher sulphur levels, and this relationship is proved to be significant in the absence of N application. The increase in PWL due to the increased nutrients supply could be attributed to the increase in the water and nitrogen content of the bulbs and the bulk neck thickness, which shortened the shelf life by increasing the respiration rate thereby depleting the stored food and resulting in poor drying (Currah and Proctor, 1990) . At lower sulphur supply, the sulphur content in cell walls and bulbs firmness and pungency are reduced which in turn adversely affect storability (Lancaster et al., 2001 ). However, Rosen and Tong (2001) reported that garlic bulbs produced on non-fertilized plots tended to store better than those received soil amendments with fertilizers.
Fertilization of garlic plant with inorganic N, P and S significantly produced higher N, P, K and S concentrations within garlic bulb tissues. Higher N and P contents were recorded in garlic bulb due to the application of the three fertilizers than in the absence of one or two nutrients, and on Andosol than on Vertisol which could be due to the influence of one element on the uptake of the other and efficient growth of crop to produce assimilates (Fan and Messick, 2007) . Nitrogen application also helps its availability in the soil, uptake and concentration of it in tissues and the nitrogen concentration of Andosol was higher before planting the crop. Increase in uptake of nitrogen also shown with increasing applied N and P rates (Panda et al., 1995) and sulphur rates (Fismes et al., 2000) . According to the report of Caldwell (1991) , the nutrients sufficiency ranges in bulb crops ranges from 3.10 to 4.27% for N, 0.26 -0.48% for P, 1.98 to 4.22% for K and 0.15 to 0.57% for S, with important ratios of N:S between 5:1 to 15:1. But the N contents of garlic bulb in this study showed a slight lower result than this sufficiency ranges which might be due to the very low nutrients content of the soils before planting the crop. Application of nitrogen might have influenced the concentration of the two elements due to its increasing amount added to the soil and accessible for absorption. The abundant availability of these nutrients was directly responsible to the increase of their concentration in the tissues of the garlic crop (Minard, 1978) . Also, Tamirat (2006) reported that P concentrations of onion consistently increased with increasing rates of N and P fertilizers. Plants provided with adequate amount of P forms good root system, thus enabling plants to explore nutrient in the soil and absorb, then consequently the concentration of the element becomes high in the crop tissues (Thaler and Pages, 1998) . This might be the case for increment of P concentration in garlic crop in this study at optimum nutrients application which confirms the sufficiency ranges of P reported by Caldwell (1991) . Shaheen et al. (2007) also reported that content of N, P and K in onion crop recorded a good positive correlation with addition of increasing P levels.
Potassium content in garlic bulb tissue was the highest on Vertisol because potassium is a mobile element within the soil having higher moisture content and moves with water to different crop tissues. This also might be due to the effect of phosphorus on root growth at maximum level to explore nutrients especially N, S and K for plants from the soil type. Potassium has a major role in plant metabolism as it activates season enzymes (produced by N) especially in the metabolism of carbohydrates. In addition, it plays a potential role in the transport of water and essential nutrient throughout the plant in the xylem (Mansour, 2006) . All these activities were activated with the availability, amount of N, their interaction on the uptake of nutrients and water by the plant. Generally, the availability of N, P and S at optimum levels on different soils influenced the availability of the nutrients for the crop and their concentrations in the tissues. The sulphur nutrient content in bulb tissues of garlic was high which might be due to the bulb crop characterised by using higher amount of sulphur nutrient. But a slight higher sulphur nutrient was available in Vertisol than Andosol soil before the crop planted. The sulphur nutrient concentrations within garlic bulb tissues of the fertilizer treatments were in sufficiency ranges of bulb crops (Caldwell, 1991) except higher sulphur contents of garlic bulb with some treatments on Vertisol soil.
Conclusion
From the results observed on the two soils, it may be inferred that the productivity of garlic bulbs increased with N, P and S application in respect of bulb quality and nutrients content but the soils did not significantly respond to highest level of phosphorus. Application of N and S improved the qualities of garlic bulb. Nitrogen and sulphur application showed direct and positive effect on pungency and TSS content, but shows indirect and negative effect on bulb weight losses in the garlic bulb on both soils. Bulb quality attributes of the crop was increased with optimum and balanced applications of the three fertilizers on Andosol but increased with the levels of fertilizers on Vertisol. However, the highest bulb weight losses were recorded at the higher and lower rates of applied fertilizers on both soil types. More amounts of nitrogen and sulphur fertilizers were required to produce good quality and to increase the nutrients content of garlic bulb on Vertisol as compared to that of Andosol. It could be concluded that application of nitrogen, phosphorus, and sulphur at the combination rates of 92 kg N + 40 kg P + 30 kg ha -1 on Andosol and 138 kg N + 40 kg P + 60 kg ha -1 on Vertisol led to increase bulb quality and its mineral contents. The quality of the crop was markedly higher on Andosol than Vertisol at the medium rates of the applied fertilizers. Therefore, farmers in the study area could apply 92 kg N ha -1 + 40 kg P ha -1 + 30 kg S ha -1 to attain maximum quality of the crop for enhanced household income, livelihoods and to reduce the cost of fertilizer inputs.
